Combined Pulmonary Fibrosis and Emphysema (CPFE) refers to the coexistence of upper lobe predominant emphysema with diffuse pulmonary fibrosis, mainly in the lower lobes. Although initially described in patients with Idiopathic Pulmonary Fibrosis (IPF), since then it has been described in other forms of pulmonary fibrosis, most notably collagen tissue disorder associated interstitial lung diseases. High Resolution Computed Tomography (HRCT) has a pivotal role in diagnosis. Recognizing CPFE is not an academic exercise but has significant clinical implications. Thus, it is important for the treating physician to be familiarized with the radiological characteristics that will establish diagnosis. In this review we will discuss the special physiologic and radiological features of CPFE, the challenges in monitoring the course of the disease, the natural history and also the clinical importance of potential complications.
Introduction
CPFE is defined by the co-existence of emphysema and pulmonary fibrosis. Wiggins et al. [1] first described the coexistence of emphysema in the upper lobes and pulmonary fibrosis in the lower lobes on HRCT. The term CPFE was initially introduced by Cottin et al. who described a cohort of 61 patients with both emphysema in the upper zones and diffuse parenchymal lung disease with fibrosis in the lower zones of the lungs on chest HRCT [2] . It is important to note that patients with connective tissue disease, drug-induced interstitial lung disease, pneumoconiosis, hypersensitivity pneumonitis, sarcoidosis, pulmonary histiocytosis, lymphangioleiomyomatosis and eosinophilic pneumonia were excluded [2] . Since then, CPFE has been described not only in the context of IPF but also in the context of other chronic lung fibrotic diseases, such as connective tissue relatedinterstitial lung diseases [3] . Given the fact that IPF has the worst prognosis in relation to other chronic lung fibrotic diseases, it is important to establish the interstitial lung disease that constitutes the fibrotic component of CPFE. The formation of homogeneous cohorts will allow us to draw comparative conclusions regarding the effect of emphysema on prognosis and therapeutic interventions.
Review

Pathogenesis
The exact pathogenetic mechanisms that lead to the development of CPFE remain elusive. Smoking is believed to play a major role as almost all (98 %) of CPFE patients are current or former smokers [4] . It is intriguing to search for common pathogenetic routes leading to the development of both fibrosis and emphysema. A review on this issue has been published elsewhere [5] . However we must note that several of the studies on pathogenesis, although drawing conclusions on emphysema are based on damage models that result in experimental airspace enlargement that is not equivalent to smoking induced pulmonary emphysema. Also, a lot of the studies explore non-smoking mechanisms. Further research is needed in order to clarify the existence and nature of possible common pathogenetic pathways.
Physiology
Patients with CPFE typically present with preserved or slightly reduced lung volumes in relation to the extent of fibrotic changes in the lungs. FVC and TLC are usually within normal limits or slightly reduced. The ratio FEV1/FVC can be normal or reduced (<70 %) and is lower compared to patients with IPF alone. On the other hand, DLco is disproportionately reduced [2, [6] [7] [8] [9] . From a physiological point of view the relatively preserved lung volumes are attributed to the counterbalancing effects of fibrosis and emphysema on lung compliance (fibrosis causes a decrease while emphysema causes an increase in lung compliance). However, both processes cause damage to the alveolar-capillary membrane resulting in a significant decrease of DLco. Pulmonary fibrosis can cause increased traction and support of the small airways preventing expiratory airway collapse [10, 11] and resulting in preservation of FEV1 [12] that is sometimes seen in CPFE patients.
Patients with CPFE are frequently hypoxemic with further desaturation after exercise. Hypercarbia is usually not observed [2, 6] . Patients with fibrosis adopt a rapid/ shallow pattern of breathing which increases alveolar ventilation and thus reduces the levels of alveolar and blood pCO2.
In clinical practice the above are important for two reasons regarding diagnosis and follow up (Table 1) :
First, the finding of preserved or slightly reduced lung volumes does not rule out the presence of fibrosis. Second, in IPF patients the follow up and response to therapy are based on the measurement of FVC and DLco. However, CPFE patients tend to exhibit a delay in the reduction of FVC and DLco which reduces their utility as surrogate markers for disease progression [7, 13] . In addition, a decline in DLco should be viewed cautiously, as it could be the result of development/progression of pulmonary hypertension which is commonly encountered in CPFE. The annual decrease of the ratio FEV1/ FVC in CPFE seems to be significantly higher compared to IPF [7, 9] .
In a study by Schimdt et al., mortality in CPFE patient was better predicted by the decline in FEV1, while changes in FVC, DLco and Composite Physiological Index (CPI) were not predictive at 12 months follow-up and only FVC was predictive at 6 months [13] . The prognostic validity of FEV1 increased with increasing severity of emphysema in a dose-dependent fashion. On • CPFE patients tend to exhibit a delay in the reduction of FVC and DLco.
• Decline in FEV1 is the strongest predictor of mortality in CPFE patients and its prognostic validity increases with increasing severity of emphysema in a dose-dependent fashion
• A decline in DLco should be viewed cautiously, as it could be the result of development/progression of pulmonary hypertension which is correlated with a bad prognosis and may alert the physician towards early referral for lung transplantation.
the other hand, FEV1 had no prognostic role in patients with IPF and no emphysema.
Radiology
HRCT plays a critical diagnostic role, as it actually constitutes the examination that establishes the diagnosis. HRCT reveals the coexistence of emphysema and diffuse lung fibrosis (Fig. 2a, b) . Emphysema (centrilobular and/or paraseptal) has upper lobe predominance, while fibrosis is observed mainly in the lower lobes. The radiological fibrotic pattern is usually that of UIP (i.e. bilateral reticular pattern with bibasilar, peripheral distribution, with or without the presence of traction bronchiectasis and/or honeycombing) [2] . Emphysema can be paraseptal, centrilobular or a combination of both. Paraseptal emphysema seems to be more common in the CPFE population than in patients with COPD. In the study by Cottin et al. [2] it was observed in 93 % of patients and was suggested as a hallmark of CPFE. The increased prevalence of paraseptal emphysema in CPFE was also noted, in another study that included a COPD control group [6] . Furthermore, the presence of paraseptal emphysema has been associated with a higher extent of fibrosis in comparison to centrilobular emphysema [14] .
The coexistence of emphysema and fibrosis makes the estimation of the extent of fibrosis really difficult. In the transition zone of the emphysematic to the fibrotic areas it is very tricky to make the appropriate distinction. Brillet et al. [15] identified three HRCT patterns in 61 patients with CPFE: i) progressive transition (38 %) with diffuse emphysema (centrilobular and/or bullous) and zone of transition between bullae and honeycombing, ii) paraseptal emphysema (21 %) with predominant subpleural bullae of enlarging size at the bases and iii) separate processes (23 %) with independent areas of fibrosis and emphysema. Eleven patients (18 %) could not be classified. This difficulty is evident even on a histology level. Inomata et al, performed an autopsy study in 3 groups: CPFE, IPF and emphysema. A specific pathological finding of thick walled cystic lesions (TWCLs) was described exclusively in patients with CPFE (16 out if 22, 72,7 %) [16] . TWCLs were not observed in any patients with IPF or emphysema alone. TWCLs are irrelevant to microscopic honeycombing as they are located in the centriacinar/centrilobular region. They involve one or more acini, membranous and respiratory bronchioles with destruction of the alveoli and dense fibrosis of the walls along with occasional fibroblastic foci. The walls of the TWCLs are mainly composed of dense collagen. They are classified as lesions with coexistent fibrosing interstitial pneumonia and emphysema. Radiologically, they correspond to enlarged cysts with thick walls. Whether TWCLs represent just an overlap of the emphysematous and fibrotic processes that evolve in the same area of the lung or a distinct pathological phenotype remains to be clarified by further studies.
Mitchell et al. found that IPF patients with emphysema exhibited radiologically worse fibrosis and emphysema compared to non-IPF/UIP patients with emphysema. This finding was not explained by key confounding variables and supports the hypothesis that there is synergy among IPF and emphysema [17] .
The extent of emphysema and fibrosis on HRCT are independent and significant predictors of DLco [18, 19] . Matsuoka et al. used an objective quantitative method to determine the extent of emphysema and fibrosis on HRCT. In line with previous studies, both extent of emphysema and fibrosis were independent contributors to DLco. However, the extent of fibrosis exhibited a superior predictive power [20] . Finally, the extent of fibrosis on HRCT is an independent predictor of survival in CPFE patients [21] .
From a clinical perspective it is important that the presence of emphysema can lead to a false diagnosis of honeycombing. Ground glass opacities surrounding areas of emphysema can give a false appearance of honeycombing [22] .
CPFE and pulmonary hypertension
Pulmonary hypertension (PH) appears to be more frequent and severe in CPFE patients than in patients with IPF alone [2, [23] [24] [25] . The prevalence of PH in CPFE is estimated to be 28-47 % when assessed by transthoracic echocardiography [2, 23, 25] . Transthoracic echocardiography is an operator dependent imaging examination. Furthermore, the presence of emphysema can add further difficulties in the accurate estimation of RVSP. Right heart catheterization (RHC) remains the gold standard for the diagnosis of pulmonary arterial hypertension. Cottin et al. retrospectively estimated the prevalence of PH in 40 CPFE patients after RHC [24] . In 27 patients (68 %) the mean Ppa was >35 mmHg.
During follow up, CPFE patients can exhibit a worse deterioration of PH compared to patients with sole IPF [25] . Thus, continued vigilance is essential since the development of PH is associated with a worse survival in CPFE [2, [23] [24] [25] . In the pivotal study by Cottin et al. [2] the only statistically significant prognostic factor regarding survival was the presence of PH at diagnosis. When PH was confirmed by use of RHC, 1 year survival rate was 60 % [24] .
The increased prevalence of PH in CPFE is probably explained by the coexistence of emphysema and fibrosis. Both cause destruction of the pulmonary vasculature bed and of the lung parenchyma. The destruction of the pulmonary vasculature reduces the total cross sectional area. Furthermore, as mentioned CPFE patients are usually hypoxemic due to V/Q mismatching caused by the coexisting emphysema and pulmonary fibrosis. The induced hypoxic pulmonary vasoconstriction is also an important cause of elevated pulmonary arterial pressure. If other pathogenetic pathways are implicated in the development of "out of proportion" PH remains to be clarified. From a clinical point of view the physician should be vigilant for underlying intermittent nocturnal and exercise induced intermittent hypoxia.
Once, pulmonary hypertension is developed it is an equally poor prognosticator in both CPFE and sole IPF patients [26] [27] [28] .
CPFE and lung cancer
Both emphysema [29] [30] [31] and IPF [32] are independent risk factors for the development of lung cancer. Therefore, it is expected that patients with CPFE show increased incidence of lung cancer [32] . Studies suggest that in relation to emphysema, CPFE constitutes a stronger predictor on the occurrence of lung cancer [6, [33] [34] [35] . The most common histologic type is that of squamous cell carcinoma [33] [34] [35] .
CPFE patients are at an increased risk of developing acute exacerbation triggered by surgery, chemotherapy and radiation. In a retrospective study of 101 patients with CPFE the prevalence of acute exacerbation was 19,8 % (postoperative: 27,3 %, during chemotherapy:20 %, during radiation: 16,7 %) [34] . Even after curative resection for NSCLC, CPFE was found to be an independent unfavorable prognostic factor for overall survival (OS) compared to patients with normal lung, emphysema and pulmonary fibrosis. An interesting finding in the above study was that CPFE resulted in an earlier and more frequent recurrence of NSCLC [36] . The above studies highlight the difficulties of managing lung cancer in IPF and CPFE patients.
Natural history
It is not yet clear whether patients with CPFE have a worse survival than patients with isolated pulmonary fibrosis ( Table 2 ). The studies so far have yielded conflicting results. Mejia et al. found that CPFE patients exhibited a worse survival compared to patients with isolated IPF. This finding was associated with the presence of severe pulmonary arterial hypertension (estimated by Doppler ultrasound systolic pulmonary arterial pressure, eSPAP > 75 mm Hg) [23] . The same findings were reported by Sugino et al. The threshold of eSPAP that was correlated with a worse survival was 30.4 mm Hg [25] . The presence of paraseptal emphysema aggravated prognosis. In contrast, Jankowich and Rounds found no difference in mortality [8] . To make things even more complex, Kurashima et al. and Todd et al., found that patients with CPFE have an improved survival compared to patients with isolated pulmonary fibrosis [37, 38] . The reasons for these conflicting results may be the inclusion in the pulmonary fibrosis group of non IPF patients, the retrospective nature of the studies and genetic unidentified factors, since many of the above studies involved Japanese population. More recently, Ryerson et al. [12] studied the prevalence, clinical features, and prognosis of CPFE in IPF. The advantages of this multicenter study were the strict inclusion of patients with IPF according to current guidelines and the usage of standardized definitions for CPFE and emphysema. Patients with CPFE and IPF and those with sole IPF exhibited similar mortality [12] . Finally, patients with CPFE and positive autoimmune markers exhibited improved survival compared to CPFE patients with a negative autoimmune profile [39] . Prospective studies are needed in order to reach robust conclusions regarding the natural history and outcome of patients with CPFE in comparison to IPF.
Treatment
Smoking is strongly implicated in the pathogenesis of both emphysema and IPF, therefore smoking cessation is a "sine qua non" for the management of CPFE. Following the guidelines that apply for the general population, patients with CPFE should be vaccinated against influenza viruses and Streptococcus pneumonia. Long term oxygen therapy is appropriate in case of hypoxemia by extrapolating current knowledge based on COPD patients [40] . The presence of emphysema per se does not necessarily mean the presence of an obstructive syndrome. Things get even more complicated when emphysema co-exists with fibrosis. In such cases, given the altered physiology it is not known if the 70 % threshold regarding the FEV1/FVC ratio, accurately defines patients with underlying functional obstruction that could benefit from bronchodilator therapy. Treatment with bronchodilators (long acting β2 agonists and/or long acting muscarinic) is a rational option although we lack evidence based on randomized control trials. Patients with fibrosis are usually excluded from COPD clinical trials. Regarding the use of inhaled steroids we express some concerns. Inhaled steroids are beneficial in COPD patients with frequent exacerbations when added to long/ultra acting β2 agonists [41] . In CPFE patients, an event of respiratory deterioration challenges the clinician as the differential diagnosis includes pneumonia, pneumothorax, pulmonary embolism, left heart failure and the probability of acute exacerbation of IPF. The presence of underlying infection is crucial in the majority of these conditions in terms of both pathogenesis and outcome. Given the fact that inhaled steroids increase the incidence of pneumonia in COPD patients [42, 43] , we remain very cautious with their use in CPFE.
Currently, there are two approved drugs for the treatment of IPF, pirfenidone [44, 45] and nintedanib [46] . Τhe exclusion criteria in the approval studies included the reduction of the FEV1/FVC ratio <70 % (post bronchodilation) regarding pirfenidone [45] and <80 % (pre bronchodilation) regarding nintedanib [46] . Emphysema on HRCT was not an exclusion criterion. A post-hoc subgroup analysis of pooled data from the INPULSIS trials demonstrated that nintedanib slowed disease progression by reducing the annual rate of FVC decline independent of the presence of emphysema at baseline [47] . The main concern is not whether pirfenidone and nintedanib are efficacious in CPFE, but whether the rate of FVC decline underestimates their efficacy in this specific subpopulation.
Pulmonary arterial hypertension (PAH) appears to be more frequent and severe in CPFE patients than in patients with IPF alone [2, 23, 24] and is associated with decreased survival [23, 25] .
According to current guidelines the use of targeted PAH therapy in patients with COPD or ILDs and mean PAP <40 mmHg is currently discouraged as there are no systematic data regarding its safety or efficacy. Vasodilators can aggravate the ventilation/perfusion mismatch and worsen hypoxemia. Patients with "out of proportion" PH due to lung diseases (characterized by dyspnea insufficiently explained by lung mechanical disturbances and mean PAP 40-45 mmHg at rest) should be referred to expert centers and enrolled in clinical trials targeting PAH-specific drug therapy [48] . Thus, the same recommendation applies for patients with CPFE.
Patients with CPFE seem to be at greater risk for developing lung cancer than patients with emphysema [6, 33, 34] . Thus, increased vigilance is required for early detection of such lesions. Management of lung cancer in CPFE patients should follow current guidelines [49] . Finally, as for IPF, CPFE patients at increased risk of mortality should be considered for lung transplantation [50] .
Stem cell therapy is a promising approach for COPD [51] and IPF [52, 53] . In emphysema [54] [55] [56] and IPF [57] there is numerical and functional impairment of regulatory T-cells (Tregs). This impairment is correlated with a decrease in FEV1 in emphysema [54, 55] and a decrease in FVC, DLco and TLC in IPF [57] . Interestingly, one of the beneficial effects of stem cells in chronic lung diseases is thought to be exerted through upregulation of Tregs [58, 59] . Conducting clinical trials of stem cell therapy in CPFE is an intriguing project that could shed further light in the areas of pathogenesis and treatment [60] .
Conclusions
CPFE is a syndrome with clinical importance. Diagnosis is not always straightforward as pulmonary function tests usually show preserved or slightly reduced lung volumes and an obstructive pattern is not always observed. Thus, recognizing the typical velcro-like crackles is an important clue that will raise suspicion for an underlying fibrotic lung disease and the need for a subsequent HRCT that will establish the diagnosis. CPFE patients tend to exhibit a delay in the reduction of FVC and DLco and monitoring disease progression and therapeutic response to antifibrotic patients can be especially challenging. Unlike what one would expect based on IPF studies, serial changes in FVC do not have prognostic value in CPFE, while the rate of FEV1 decline is the strongest predictor of mortality. The development of pulmonary hypertension is frequent in the context of CPFE and is associated with reduced survival. Increased vigilance is required for early recognition of pulmonary hypertension that will allow timely referral for lung transplantation.
